Immunoglobulin IgG4 plays a role in the pathogenesis of the Mikulicz disease previously considered a form of primary Sjögren's syndrome (pSS). We investigated serum levels of IgG4, total IgG, C3, and C4 serum complementary components in patients suspected of Sjögren's syndrome. Basic laboratory and immunological tests, including IgG4 and IgG concentration, were performed on 20 healthy and 68 suspected of pSS individuals. We distinguished: group I: 48 pSS patients; group II (sicca): 20 patients with dryness without pSS. We revealed: statistical differences between groups I and II concerning hypergammaglobulinemia, ESR, RF, ANA, Ro, and La antibodies; lower IgG4 levels and IgG4/IgG ratio in group I compared to healthy individuals (p < 0.0435; 0.0035, respectively); no significant differences in the concentrations of IgG4 and IgG4/IgG ratio between sicca and control groups. significantly lower (p < 0.0002) C4 levels in group I compared to other groups; significant differences in C4 concentration and IgG4/IgG ratio between three groups (p = 0.0002 and p = 0.0090, respectively); a weak negative correlation between C4 and IgG (r =− 0.274) in the whole database; weak positive correlation between C4 and IgG4/IgG ratio (r = 0.237); a negative correlation of IgG4, IgG4/Ig ratio and C4 with focus score (r = − 0.281; r = − 0.327; r = − 0.406, respectively). IgG4 serum levels were significantly decreased compared to healthy subjects. IgG4 and C4 levels correlated with infiltrations in minor salivary glands. Hypergammaglobulinemia and decreased serum C4 component levels are typical for pSS.
Introduction
Immunoglobulins (Ig) are proteins whose production depends on the activation and maturation of B cells-associated with the presentation and response to an antigen-as well as on the activation of other cells of the immune system, mainly T lymphocytes [1] . There are five basic classes of immunoglobulins recognized accordingly to the components of C domain of heavy chains: IgA, IgM, IgG, IgE, and IgD [1] . IgG are particularly important for the secondary immune response, especially in the late stage of viral or bacterial infection, and they also play a role in the allergic response. There are four subclasses of IgG: from IgG1 to IgG4. Each subclass has different immune abilities, and impact on the components of the complement as well as each IgG subclass has its specific affinity to FcR receptors. Immunoglobulin G4 is the least numerous, constituting only about 4% of total IgG. It does not have the ability to opsonize, does not activate the complement directly, and has an affinity to type I, II FcR receptor [1, 2] . Its role in the immune process is still not fully understood. IgG4 has defined anti-inflammatory 1 3 properties deriving from its ability to inhibit (prevent) the emergence of immune complexes. IgG4 has no impact on the complement activation because of its low affinity to bind Fcγ receptors. It presents the highest affinity to FcγRI, low to FcγRII, and no affinity to FcγRIII receptors. IgG4 also acts as an antibody competing with Ig E in allergen binding and may also act as a rheumatoid factor (RF).
IgG4 may cause a self-tolerance to allergens together with IL-10 produced by T and B regulatory cells [1] [2] [3] . The IgG4 immunoglobulin subclass s plays a role not only in allergic diseases, but also in viral infections and parasite infestations and-in the light of current knowledge-in autoimmune diseases. The secretion of IgG4 as IgG2 antibodies is associated with polysaccharide antigens, whereas IgG1 and IgG3 production is induced in response to protein antigens.
At least some of the autoimmune diseases were related to the IgG4 overproduction by IgG4-positive plasmocytes. During the last 10 years, the criteria for IgG4-Related Diseases (IgG4-RD) diagnosis have been established and their characteristic features have been collected. However, the role of IgG4 immunoglobulin remains still unclear in such intensive inflammation with storiform fibrosis and obstructive phlebitis. Although some researchers concluded that it may be an epiphenomenon, the role of IgtG4 still needs a further research [4, 5] .
What is interesting, Mikulicz's disease-with its description of salivary gland enlargement and dryness symptomshas been for years considered a picture of primary Sjögren's syndrome (pSS). Currently, its affiliation to IgG4-RD has been confirmed. Thus, the recognition of IgG4-RD redefined the diagnosis of pSS and was the reason that some of the previously established diagnoses were verified.
The pSS is an autoimmune rheumatic disease (ARD) with activation of B cells leading to hypergammaglobulinemia and with antinuclear autoantibodies'-mainly against ribonucleoproteins (anti-Ro/SS-A, anti-La/SS-B antibodies)-production. The main clinical features of pSS are: mucosal dryness and internal organs involvement with mononuclear cell, including plasmatic cells-infiltrations, located particularly in exocrine glands [6, 7] . Among the environmental triggering factors, viral infections, especially with Epstein-Barr virus (EBV), play an important role in pSS pathogenesis. This DNA virus from Herpesviridae family targeted exclusively B cells, with predilection to the salivary glands, which may cause symptoms of dryness [8] . EBV has the ability of existing in both, the lytic and the latent phase of the infection. This feature, along with several other mechanisms (e.g., molecular mimicry, T-cell costimulatory gene CD70 overexpression, production of viral IL-10, or possibility for impaired EBV-specific T-cell response) enables it to modulate host response, as well as immunoglobulin and autoantibody production. This, in turn, leads to the development of autoimmunity, and may also lead to the development of malignancies, especially lymphoma [8, 9] . Hypocomplementemia predominantly of C4 and C3 component of complement is often found in autoimmune diseases, especially in pSS. Ramos-Casals et al. [10] detected low C4 in 24% (n = 81) of 355 examined pSS patients, whereas in other study, hypocomplementemia was found in 8% of pSS patients [11] . Researchers highlighted that low C4 component of complement is associated with higher risk of lymphoma and increases mortality in pSS [10, 12, 13] . This work was initiated due to the observation in our clinical practice of a decrease of serum IgG4 concentration in patients with pSS.
Objectives
The aim of the presented pilot observational work was to study serum IgG4 concentration in patients with suspected pSS referred for diagnosis due to the symptoms of dryness and in a group of healthy volunteers-to determine whether the level of IgG4 correlates with basic laboratory and immunological parameters, as well as with the severity of dry eye symptoms, mononuclear cell infiltration in minor salivary gland biopsies, and potential organ involvement.
Materials and methods
Patients with symptoms of eye and mouth dryness referred to the Early Arthritis Clinic with suspected pSS (n = 68) were included in the analysis. The control group consisted of healthy volunteers (n = 20). A full diagnostics for pSS was performed, which included basic laboratory tests such as: whole blood count with white blood cells (WBC; count per microliter of blood), erythrocyte sedimentation rate (ESR; mm/h), C-reactive protein (CRP; 0-0.5 mg/L), urine analysis with pH and urine-specific gravity (USG), as well as immunological tests, such as antinuclear antibodies (ANA) were detected with immunofluorescence (IF) on the cell line HEp-2 (Human Epithelial purpose; HEp-2000), anti-Ro/SS-A, and anti-La/SS-B antibodies determined by the semi-quantitative method Immunoblot (Anti-ENA Profile Plus, Euroimmun, Germany, DL 1590-1601-1 G; semiquantitative immunoblotting evaluation on a scale from 1 to 3 of the strength of binding of the antibody to the antigen was also performed. Rheumatoid factor (RF; normal range below 34 IU/mL) and serum concentrations of IgG4 (mg/ dL), total IgG (tIIgG; mg/dL), and C4 and C3 complement components were measured by nephelometry. The normal range of IgG4 considered as 800-1400 mg/dL; total IgG normal range 751-1560 mg/dL; C3 component of complement normal range 79-152 mg/dL; C4 component of complement normal range 16-38 mg/dL have been adopted for the purpose of this study. Keratoconjunctivitis sicca was confirmed by Schirmer's test and Ocular Staining Score (OSS), using lissamine green and fluorescein staining-total OSS scores of 3-12 per eye; focal sialadenitis was confirmed in minor salivary gland biopsy as focus score (FS; defined as the number of infiltrates from mononuclear cell containing at least 50 inflammatory cells in a 4 mm 2 of glandular section).
The impact of immunosuppressive drugs on the course of the disease, including the evaluated laboratory parameters, was not analyzed, as the examined patients were referred for diagnosis prior to immunosuppressive therapy.
Informed consent has been obtained from all patients and healthy subjects. The study was approved by the Ethics Committee of NIGRiR.
Statistical analysis
Statistical analysis was carried out with Statistica13 programme. The normality of continuous variables distribution was verified using the Shapiro-Wilk test. The distribution of all variables analyzed in the study differed significantly from normal distribution; therefore, the median and interquartile range (IQR) were used. Kruskal-Wallis test was used to compare continuous variables in three groups and Mann-Whitney U test was used in two groups. For comparison of nominal variables, Chi-square test or two-tailed Fisher exact test (when the expected values were < 5) were used. Correlations between the variables were examined using Spearman's rank correlation analysis. The statistical significance was established at p < 0.05.
Results
In the course of diagnostics, two groups of patients were distinguished: group I consisted of 48 patients with the established diagnosis of pSS (according to 2012 American College of Rheumatology (ACR) and 2016 ACR/European League Against Rheumatism (EULAR) criteria [7, 14] The group with confirmed pSS (gr. I) and the group with dryness (gr. II) were compared in terms of basic tests obtained in the diagnosis of Sjögren's syndrome, as presented in Table 1 .
The groups differed significantly in terms of gammaglobulin concentration, ESR, RF, ANA antibody titers, and OSS score (higher in the pSS group), as well as in the presence of anti-SS-A and anti-SS-B antibodies. In the pSS group, the Schirmer's test result was significantly lower.
These two groups were also compared in terms of potential organ changes, and the occurrence of polyneuropathy symptoms was significantly more frequent in the pSS group. No central nervous system involvement was found, except for strokes including transient ischemic attack (TIA) history in both groups, regardless of the occurrence of autoimmune disease (Table 2) . 
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A group of healthy volunteers were also included in the analysis of IgG4, total IgG, and C4 complement components serum level.
In the tests performed, the occurrence of low serum concentration of C4 complement component in the pSS group was most noticeable. In the pSS group, it was observed in up to 59% (n = 27) of patients versus 30% (n = 6) in the sicca group and 10% (n = 2) in the healthy group. Therefore, C4 complement component concentration was significantly lower (p < 0.0002) in the pSS group in comparison with other studied groups, as shown in Fig. 1 and Table 3 .
There were significant differences in IgG4/IgG ratio between three analyzed groups (p = 0.0090). Differences between the pSS group and the control group are responsible for the statistical significance obtained in these comparisons. We also found differences on the verge of statistical significance in IgG4 and total IgG between study groups (p = 0.0963 and p = 0.0793, respectively). ( Table 3) .
None of the examined patients had lymphoma during the diagnosis, also among patients with decreased C4.
After the exclusion of group II (the sicca group) from the initial group of patients suspected of pSS, it was possible to present the differences between the pSS and the healthy group-with statistically significant differences found in the concentration of C4, IgG4, Ig G, and with IgG4/IgG ratioas presented in Table 4 .
Significantly lower IgG4 serum concentrations and IgG4/ IgG ratio and higher IgG concentration were observed in the pSS group, compared to the control healthy group.
We found a weak negative correlation between C4 and IgG4 (r =− 0.274) in the whole database (without dividing into groups) and a weak positive correlation between C4 and IgG4/IgG ratio (r = 0.237).
The lower C4 complement component concentration was significantly correlated with sialadenitis in the pSS group. Arthritis was confirmed only in 1 (4%) patient and it is difficult to indisputably conclude that there is a significant effect of C4 decrease on the onset of arthritis. Other correlations with interstitial lung changes, polyneuropathy, or Hashimoto's disease were not found in the analyzed pSS group (Table 5 ). There were no significant correlations between lowering IgG4 and analyzed organ involvement.
The correlations of C4, IgG4, and IgG4/IgG ratio with laboratory basic (ESR, CRP, WBC, gammaglobulin concentration, USG, and urine pH) and immunological parameters (RF, ANA, Anti SS-A, and anti-SS-B antibodies) as well as with FS, OSS, and the result of the Schirmer's test were assessed. Immunoglobulin G4 serum concentration and IgG4/IgG ratio, as well as C4 complement component levels, negatively correlated with focus score (r = − 0.281; r = − 0.327; r = − 0.406, respectively). C4 complement component level and IgG4/IgG ratio also negatively correlated with ANA (r =− 0.310; r = − 0.314, respectively). The negative correlation between IgG4/IgG ratio and RF also was found (r = − 0.261). There were no other significant correlations between the studied variables.
Discussion
In the presented observational study, the comparison between two groups had been planned: the pSS group and healthy volunteers, but in the course of diagnostic procedures additional group emerged-consisting of patients with symptoms of dryness, but not fulfilling the pSS classification criteria. This led to the comparison of the three groups, broadening the previously planned analysis. The comparison between the pSS and the sicca group confirmed the essential features of pSS, such as hypergammaglobulinemia, the presence of ANA antibodies, the presence of anti SS-A, anti SS-B antibodies, a significant decrease in C4 complement component (up to 59% in the pSS group), and significantly more frequent occurrence of higher RF and ESR. Also, in the pSS group, typical mononuclear cell infiltrations in minor salivary glands biopsy were observed, fulfilling the focus score criteria and a significant reduction of tears secretion with conjunctival and corneal surface damage assessed by staining and Schirmer's test compared to the sicca group.
The occurrence of organ changes present at the time of the diagnosis was also compared and peripheral polyneuropathy was found only in patients with pSS. There were no significant differences between groups I and II in interstitial changes in the lungs or central nervous system involvement, which may be related to the possible short duration of autoimmune disease, as well as to the relatively small studied group. Hashimoto's disease occurred similarly in both groups of patients in 15% (the pSS group) and 20% (the sicca group), which differs slightly from the data described for the general population, which is 10-12% [15] .
We confirmed our clinical observations showing a significant reduction of IgG4 serum concentration in the pSS group compared to the healthy group (p = 0.0435), as well as a significantly lower (p = 0.0035) serum IgG4/total IgG ratio compared to healthy individuals. The latter phenomenon may be partly associated with hypergammaglobulinemia usually occurring in pSS, but the effect of the observed low IgG4 levels on IgG4/IgG ratio should be taken into account as well.
Hypergammaglobulinemia was a laboratory parameter significantly differentiating the pSS group from the sicca group (p = 0.010); also the pSS group significantly differed from healthy group in terms of IgG concentration (p = 0.0245).
Intriguingly, the concentrations of IgG4 and IgG4 with respect to the total IgG in patients with Sjögren's syndrome and in subjects from the dryness group were not statistically different. This finding coincided with the similar activity of Epstein-Barr virus in both the pSS and the sicca group of patients, as well as with the reactivation of this virus infection and the presence of dryness symptoms-a phenomenon presented in our other study [16] . In that study, we presented that the past infection or infection reactivation affects more than 70% of respondents from these two groups, compared to 30% from the healthy control group (data not shown) [16] .
However, the coincidence of EBV with low IgG4 levels in group I would contradict observations presented in the work of Nagata et al. [17] in which the authors suggested that EBV-affected lymphocytes are stimulated to produce IgG4. It should be noted, however, that in the case of this research, the studied subjects were affected by Graves' disease-in which the stimulation of IgG4 production is a separate phenomenon. This may at least partly explain the difference between our work and the said research by Nagata et al. Recently, published papers focus primarily on the possibility of linking EBV infection with the development of IgG4related diseases [18] . In view of the observations presented in our study, this topic requires broader exploration.
Since the difference in IgG4 serum concentrations between groups I and II found in our study was on the verge of statistical significance, further study of this variable, performed on a large number of subjects, should be considered. It may lead to more statistically significant results, proving the difference between pSS patients and the dryness group in the above-described respect. The C4 hypocomplementemia was a laboratory feature clearly distinguishing the pSS group from other groups and occurred in a much larger percentage (59%) of pSS patients than it is presented in the literature [10, 12] . Such high result can be associated with a relatively small pSS group. As the main source of complement components are hepatocytes and epithelial cells, which damage the underlying pathogenesis of pSS, leading to a decrease in the complement components such as C4 [19] , our finding in this regard was fully expected.
The deficiency of C4 increases the risk of the development of infections and systemic autoimmune diseases characterized by autoantibodies production, such as Sjögren's syndrome; therefore, the patients with hypocomplementemia need further regular control and screening for lymphoma development.
We found the weak negative correlation (r =− 0.274) between C4 component complement levels and IgG4 due to significant hypocomplementemia in group I. This phenomenon may influence IgG4 production, but it requires confirmation on a wider group of pSS patients.
The independence of IgG4 from the complement regulation is highlighted as crucial in the properties of this immunoglobulin subclass, although there are reports, that IgG4 immunoglobulin, as well as immune complexes composed of IgG4, may have the ability to influence classical and alternative pathways of complement activation [20] . The C4 complement component (both C4A and C4B isoforms) is an essential player in classical complement cascade, which causes the generation of the C3 convertase, as well as the enhancement of the humoral activity. It plays a role in the immune response as an important factor in the prevention of bacterial infections and the immune complex-mediated autoimmunity activity [21] .
In IgG4-RD diseases, hypocomplementemia may also be observed as an expression of immunological and local complement activity, as well as the effect of a generalized autoimmune inflammation [22] .
Although our research demonstrates low IgG4 levels in pSS, there were studies [23, 24] showing an increase in IgG4 concentration in patients with pSS comparable to this occurring in IgG4-RD [18] . Mavragani et al. [24] found elevated serum concentrations but only in 7.5% of the studied pSS patients (n = 133; 100%); however, the authors explained it with the occurrence of features of IgG4 disease such as autoimmune cholangitis and pancreatitis, as well as interstitial nephritis.
In the presented study, lower C4 complement component levels were associated mainly with sialadenitis in the pSS group, but no such relationship has been demonstrated for IgG4. Both IgG4 and C4 complement component levels correlated negatively with FS. As FS is an indicator of local activation of mononuclear cells and salivary gland inflammation, this may suggest that IgG4 and C4 levels may play a role in this regard-an issue which requires further study. The described results also confirmed the importance of lowering of C4 concentration for the course of pSS and for both clinical and immunological aspects of disease.
Limitations
The main limitation of the study, which is an introduction to a planned wider research on a larger cohort of pSS and sicca group patients, is a relatively small size of the studied groups. However, the demonstrated differences between IgG4 serum concentration, IgG4/total IgG ratio, and C4 complement levels between patients with pSS and the control group were evident.
Conclusions
This preliminary study demonstrated a significantly decreased level of IgG4 serum concentrations in patients with pSS compared to healthy subjects.
The obtained results also confirmed, as expected, that the decreased C4 complement component levels and hypergammaglobulinemia are one of the characteristic laboratory features of pSS.
IgG4 and C4 serum levels correlated with infiltrations in minor salivary glands defined as the focus score in pSS.
The importance of lowering serum IgG4 concentration in patients with pSS as a laboratory parameter supporting diagnostics in clinical practice requires the extension of the study group.
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